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Corrections in the numerical analysis: there was an error in the algorithm we had
used to remove phases in the mass matrices by means of weak-basis transformations. As
a result, in some cases too many phases had been removed. Furthermore, there was an
error in the numerical computation of the mixing matrix, which affected the analysis of
some of the models. We have corrected both errors in our programs and have repeated all
numerical computations. The new results can be found in tables 9 to 13 which replace the
corresponding tables in the paper.
Consequences of the new analysis for the conclusions: though the set of textures
compatible with experiment and the set of maximally restrictive textures have changed,
the effect on the conclusions is small — see tables 9 to 13.
In the case of Dirac neutrinos, there is only one relevant change, namely in the pre-
dictive power of the maximally restrictive textures with respect to the Dirac phase δ.
Originally, since in general too many phases had been removed from the mass matrices, δ
was forced to be exactly 0 or pi. The correct rephasing leads to δmin ≈ 0 and δmax ≈ 2pi
for all but one of the textures — see the captions of tables 10 and 11.
In the case of Majorana neutrinos, there is one notable change, namely in the pre-
dictivity of the texture (M`,ML) ∼ (6(`)1 , 2(νL)1 ) with an inverted neutrino mass spectrum.
The corrected analysis gives ∆(sin2θ23) = 53.8 < 100 and this case is thus predictive with
respect to sin2θ23 according to the criterion of equation (5.6) in the paper. However, tight-
ening this criterion to ∆(Oi) ≤ 25, i.e. from 10σ to 5σ, there is still no texture which can
predict any of the charged-lepton masses or the neutrino oscillation parameters.
Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
Open Access, c© The Authors.
Article funded by SCOAP3.
doi:10.1007/JHEP10(2014)126
J
H
E
P
1
0
(
2
0
1
4
)
1
2
6
Neutrino nature Dirac Majorana
Neutrino mass spectrum normal inverted normal inverted
Number of textures 570 570 298 298
Compatible with experiment 430 429 215 229
Compatible and maximally restrictive 29 28 27 25
Table 9. Results of the χ2-analysis.
(M`,MD) n m
min
0 [eV] m
max
0 [eV] texture predicts
32 − 71 9 0.00× 100 0.00× 100 m0
32 − 73 9 0.00× 100 0.00× 100 m0
41 − 61 9 0.00× 100 0.00× 100 m0
41 − 63 9 0.00× 100 0.00× 100 m0
41 − 64 9 0.00× 100 0.00× 100 m0
41 − 65 9 0.00× 100 0.00× 100 m0
41 − 66 9 0.00× 100 0.00× 100 m0
42 − 61 9 0.00× 100 0.00× 100 m0
42 − 62 9 0.00× 100 0.00× 100 m0
42 − 63 9 0.00× 100 0.00× 100 m0
42 − 67 9 0.00× 100 0.00× 100 m0
42 − 68 9 0.00× 100 0.00× 100 m0
43 − 61 9 0.00× 100 0.00× 100 m0
43 − 62 9 0.00× 100 0.00× 100 m0
43 − 63 9 0.00× 100 0.00× 100 m0
43 − 64 9 0.00× 100 0.00× 100 m0
43 − 65 9 0.00× 100 0.00× 100 m0
43 − 66 9 0.00× 100 0.00× 100 m0
43 − 67 9 0.00× 100 0.00× 100 m0
43 − 68 9 0.00× 100 0.00× 100 m0
43 − 69 9 0.00× 100 0.00× 100 m0
51 − 51 9 0.00× 100 0.00× 100 m0
51 − 54 9 0.00× 100 0.00× 100 m0
51 − 55 9 0.00× 100 0.00× 100 m0
51 − 56 9 0.00× 100 0.00× 100 m0
51 − 58 9 0.00× 100 0.00× 100 m0
61 − 312 10 1.69× 10−2 3.32× 10−1 —
61 − 41 9 0.00× 100 0.00× 100 m0
61 − 45 8 1.15× 10−2 1.65× 10−2 m0
Table 10. The maximally restrictive and compatible classes of texture zeros in (M`,MD). The
number of physical parameters of the texture is denoted by n. For all textures in this table χ2min <
10−4. For the Dirac phase δ one finds δmin ≈ 0 and δmax ≈ 2pi for all textures except 61−45, where
δ = 0 or pi. Part 1: normal neutrino mass spectrum.
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(M`,MD) n m
min
0 [eV] m
max
0 [eV] texture predicts
32 − 71 9 0.00× 100 0.00× 100 m0
32 − 73 9 0.00× 100 0.00× 100 m0
41 − 61 9 0.00× 100 0.00× 100 m0
41 − 63 9 0.00× 100 0.00× 100 m0
41 − 64 9 0.00× 100 0.00× 100 m0
41 − 65 9 0.00× 100 0.00× 100 m0
41 − 66 9 0.00× 100 0.00× 100 m0
42 − 61 9 0.00× 100 0.00× 100 m0
42 − 62 9 0.00× 100 0.00× 100 m0
42 − 63 9 0.00× 100 0.00× 100 m0
42 − 67 9 0.00× 100 0.00× 100 m0
42 − 68 9 0.00× 100 0.00× 100 m0
43 − 61 9 0.00× 100 0.00× 100 m0
43 − 62 9 0.00× 100 0.00× 100 m0
43 − 63 9 0.00× 100 0.00× 100 m0
43 − 64 9 0.00× 100 0.00× 100 m0
43 − 65 9 0.00× 100 0.00× 100 m0
43 − 66 9 0.00× 100 0.00× 100 m0
43 − 67 9 0.00× 100 0.00× 100 m0
43 − 68 9 0.00× 100 0.00× 100 m0
43 − 69 9 0.00× 100 0.00× 100 m0
51 − 51 9 0.00× 100 0.00× 100 m0
51 − 54 9 0.00× 100 0.00× 100 m0
51 − 55 9 0.00× 100 0.00× 100 m0
51 − 56 9 0.00× 100 0.00× 100 m0
51 − 58 9 0.00× 100 0.00× 100 m0
61 − 312 10 < 10−3 3.31× 10−1 —
61 − 41 9 0.00× 100 0.00× 100 m0
Table 11. The maximally restrictive and compatible classes of texture zeros in (M`,MD). The
number of physical parameters of the texture is denoted by n. For all textures in this table χ2min <
10−4, δmin ≈ 0 and δmax ≈ 2pi. Part 2: inverted neutrino mass spectrum.
– 3 –
J
H
E
P
1
0
(
2
0
1
4
)
1
2
6
(M
`
,M
L
)
n
χ
2 m
in
m
m
in
0
[e
V
]
m
m
a
x
0
[e
V
]
δm
in
δm
a
x
m
m
in
β
β
[e
V
]
m
m
a
x
β
β
[e
V
]
te
x
tu
re
p
re
d
ic
ts
3 2
−
4 7
10
<
10
−
4
0.
00
×
10
0
0
.0
0
×
1
0
0
<
1
0
−
2
6.
2
7
×
1
00
1.
3
4
×
1
0
−
3
3.
8
6
×
1
0−
3
m
0
,
m
β
β
3 2
−
4 9
10
<
10
−
4
0.
00
×
10
0
0
.0
0
×
1
0
0
<
1
0
−
2
6.
2
8
×
1
00
1.
3
4
×
1
0
−
3
3.
8
6
×
1
0−
3
m
0
,
m
β
β
4 1
−
3 3
10
<
10
−
4
1
.1
7
×
10
−
3
3.
3
2
×
1
0
−
1
<
1
0
−
2
6.
2
8
×
1
00
<
1
0
−
3
2.
1
4
×
1
0−
1
—
4
1
−
3
1
5
10
2.
63
×
10
−
2
4
.4
9
×
10
−
2
3.
3
2
×
1
0
−
1
2.
9
2
×
1
00
3.
3
7
×
1
00
1.
4
5
×
1
0
−
2
1.
3
4
×
1
0−
1
δ
4 1
−
4 1
8
2.
99
×
10
1
0.
00
×
10
0
0
.0
0
×
1
0
0
3.
0
7
×
1
00
3.
2
1
×
1
00
1.
5
7
×
1
0
−
3
1.
6
9
×
1
0−
3
m
0
,
δ,
m
β
β
4 1
−
4 4
8
2.
80
×
10
1
0.
00
×
10
0
0
.0
0
×
1
0
0
3.
0
7
×
1
00
3.
2
1
×
1
00
1.
5
6
×
1
0
−
3
1.
6
9
×
1
0−
3
m
0
,
δ,
m
β
β
4 2
−
3 2
10
<
10
−
4
0.
00
×
10
0
0
.0
0
×
1
0
0
<
1
0
−
2
6.
2
7
×
1
00
1.
3
4
×
1
0
−
3
3.
8
6
×
1
0−
3
m
0
,
m
β
β
4 2
−
3 3
10
<
10
−
4
<
10
−
3
9.
2
4
×
1
0
−
2
<
1
0
−
2
6.
2
7
×
1
00
<
1
0
−
3
6.
0
9
×
1
0−
2
m
β
β
4 2
−
3 6
10
<
10
−
4
<
10
−
3
9.
2
8
×
1
0
−
2
<
1
0
−
2
6.
2
7
×
1
00
1.
1
9
×
1
0
−
3
6.
1
0
×
1
0−
2
m
β
β
4 2
−
3 8
10
<
10
−
4
3
.2
3
×
10
−
3
6.
1
0
×
1
0
−
3
<
1
0
−
2
6.
2
8
×
1
00
<
1
0
−
3
2.
1
0
×
1
0−
3
m
0
,
m
β
β
4
2
−
3
1
0
10
<
10
−
4
0.
00
×
10
0
0
.0
0
×
1
0
0
<
1
0
−
2
6.
2
8
×
1
00
1.
3
4
×
1
0
−
3
3.
8
6
×
1
0−
3
m
0
,
m
β
β
4
2
−
3
1
1
10
<
10
−
4
0.
00
×
10
0
0
.0
0
×
1
0
0
<
1
0
−
2
6.
2
8
×
1
00
1.
3
4
×
1
0
−
3
3.
8
6
×
1
0−
3
m
0
,
m
β
β
4
2
−
3
1
2
10
<
10
−
4
1
.7
1
×
10
−
3
4.
4
4
×
1
0
−
3
<
1
0
−
2
6.
2
8
×
1
00
1.
1
6
×
1
0
−
3
2.
7
1
×
1
0−
3
m
0
,
m
β
β
4
2
−
3
1
4
10
<
10
−
4
1
.7
1
×
10
−
3
4.
4
4
×
1
0
−
3
<
1
0
−
2
6.
2
8
×
1
00
1.
1
6
×
1
0
−
3
2.
7
1
×
1
0−
3
m
0
,
m
β
β
4
2
−
3
1
6
10
<
10
−
4
0.
00
×
10
0
0
.0
0
×
1
0
0
<
1
0
−
2
6.
2
8
×
1
00
1.
3
4
×
1
0
−
3
3.
8
6
×
1
0−
3
m
0
,
m
β
β
4 3
−
3 4
10
<
10
−
4
1
.1
7
×
10
−
3
3.
3
2
×
1
0
−
1
<
1
0
−
2
6.
2
8
×
1
00
<
1
0
−
3
2.
1
4
×
1
0−
1
—
4 3
−
3 9
10
<
10
−
4
1
.1
7
×
10
−
3
3.
3
2
×
1
0
−
1
<
1
0
−
2
6.
2
8
×
1
00
<
1
0
−
3
2.
1
4
×
1
0−
1
—
4
3
−
3
1
4
10
2.
63
×
10
−
2
4
.4
9
×
10
−
2
3.
3
2
×
1
0
−
1
2.
9
2
×
1
00
3.
3
7
×
1
00
1.
4
5
×
1
0
−
2
1.
3
4
×
1
0−
1
δ
4
3
−
3
1
8
10
2.
63
×
10
−
2
4
.4
9
×
10
−
2
3.
3
2
×
1
0
−
1
2.
9
2
×
1
00
3.
3
7
×
1
00
1.
4
5
×
1
0
−
2
1.
3
4
×
1
0−
1
δ
4 3
−
4 2
8
2.
99
×
10
1
0.
00
×
10
0
0
.0
0
×
1
0
0
3.
0
7
×
1
00
3.
2
1
×
1
00
1.
5
7
×
1
0
−
3
1.
6
9
×
1
0−
3
m
0
,
δ,
m
β
β
4 3
−
4 3
8
2.
80
×
10
1
0.
00
×
10
0
0
.0
0
×
1
0
0
3.
0
7
×
1
00
3.
2
1
×
1
00
1.
5
6
×
1
0
−
3
1.
6
9
×
1
0−
3
m
0
,
δ,
m
β
β
4 3
−
4 4
8
2.
99
×
10
1
0.
00
×
10
0
0
.0
0
×
1
0
0
3.
0
7
×
1
00
3.
2
1
×
1
00
1.
5
7
×
1
0
−
3
1.
6
9
×
1
0−
3
m
0
,
δ,
m
β
β
4 3
−
4 5
8
2.
80
×
10
1
0.
00
×
10
0
0
.0
0
×
1
0
0
3.
0
7
×
1
00
3.
2
1
×
1
00
1.
5
6
×
1
0
−
3
1.
6
9
×
1
0−
3
m
0
,
δ,
m
β
β
5 1
−
3 1
8
3.
87
×
10
0
2
.7
6
×
10
−
2
2.
7
9
×
1
0
−
2
2.
1
1
×
1
00
4.
1
8
×
1
00
2.
6
0
×
1
0
−
2
2.
7
8
×
1
0−
2
m
0
,
m
β
β
6 1
−
2 1
8
2.
25
×
10
1
1
.5
2
×
10
−
1
3.
3
2
×
1
0
−
1
<
1
0
−
2
6.
2
8
×
1
00
1.
4
4
×
1
0
−
1
3.
2
9
×
1
0−
1
—
6 1
−
2 4
8
<
10
−
4
4
.0
0
×
10
−
3
4.
2
1
×
1
0
−
2
1.
3
2
×
1
00
4.
9
6
×
1
00
0
.0
0
×
1
0
0
4.
2
9
×
1
0−
2
m
0
,
m
β
β
6 1
−
2 6
8
<
10
−
4
3
.5
2
×
10
−
2
3.
9
1
×
1
0
−
2
1.
6
4
×
1
00
4.
6
4
×
1
00
3.
5
8
×
1
0
−
2
3.
9
7
×
1
0−
2
m
0
,
m
β
β
T
a
b
le
1
2
.
T
h
e
m
ax
im
al
ly
re
st
ri
ct
iv
e
an
d
co
m
p
a
ti
b
le
cl
a
ss
es
o
f
te
x
tu
re
ze
ro
s
in
(M
`
,M
L
).
T
h
e
n
u
m
b
er
o
f
p
h
y
si
ca
l
p
a
ra
m
et
er
s
o
f
th
e
te
x
tu
re
is
d
en
ot
ed
b
y
n
.
P
ar
t
1:
n
or
m
al
n
eu
tr
in
o
m
as
s
sp
ec
tr
u
m
.
– 4 –
J
H
E
P
1
0
(
2
0
1
4
)
1
2
6
(M
`
,M
L
)
n
χ
2 m
in
m
m
in
0
[e
V
]
m
m
a
x
0
[e
V
]
δm
in
δm
a
x
m
m
in
β
β
[e
V
]
m
m
a
x
β
β
[e
V
]
te
x
tu
re
p
re
d
ic
ts
3
2
−
4 7
10
<
10
−
4
0
.0
0
×
10
0
0.
0
0
×
1
0
0
<
1
0
−
2
6.
2
8
×
1
0
0
1
.7
9
×
1
0
−
2
4.
8
8
×
1
0
−
2
m
0
,
m
β
β
3
2
−
4 9
10
<
10
−
4
0
.0
0
×
10
0
0.
0
0
×
1
0
0
<
1
0
−
2
6.
2
7
×
1
0
0
1
.7
9
×
1
0
−
2
4.
8
8
×
1
0
−
2
m
0
,
m
β
β
4
1
−
4 1
8
2.
43
×
10
−
3
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
8
7
×
1
00
3.
4
1
×
1
0
0
1
.8
0
×
1
0
−
2
1.
8
7
×
1
0
−
2
m
0
,
δ,
m
β
β
4
1
−
4 2
8
1.
41
×
10
−
1
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
7
×
1
00
3.
3
1
×
1
0
0
1
.7
6
×
1
0
−
2
1.
8
2
×
1
0
−
2
m
0
,
δ,
m
β
β
4
1
−
4 4
8
2.
75
×
10
−
2
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
2
×
1
00
3.
3
7
×
1
0
0
1
.7
9
×
1
0
−
2
1.
8
5
×
1
0
−
2
m
0
,
δ,
m
β
β
4 2
−
3 1
1
10
<
10
−
4
0
.0
0
×
10
0
0.
0
0
×
1
0
0
<
1
0
−
2
6.
2
8
×
1
0
0
1
.7
9
×
1
0
−
2
4.
8
8
×
1
0
−
2
m
0
,
m
β
β
4 2
−
3 1
4
10
<
10
−
4
1.
73
×
10
−
3
4.
2
6
×
1
0−
3
<
1
0
−
2
6.
2
7
×
1
0
0
1
.7
8
×
1
0
−
2
4.
8
9
×
1
0
−
2
m
0
,
m
β
β
4 2
−
3 1
6
10
<
10
−
4
0
.0
0
×
10
0
0.
0
0
×
1
0
0
<
1
0
−
2
6.
2
7
×
1
0
0
1
.7
9
×
1
0
−
2
4.
8
8
×
1
0
−
2
m
0
,
m
β
β
4 2
−
3 1
7
10
<
10
−
4
1.
73
×
10
−
3
4.
2
6
×
1
0−
3
<
1
0
−
2
6.
2
7
×
1
0
0
1
.7
8
×
1
0
−
2
4.
8
9
×
1
0
−
2
m
0
,
m
β
β
4
3
−
4 1
8
1.
41
×
10
−
1
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
7
×
1
00
3.
3
1
×
1
0
0
1
.7
6
×
1
0
−
2
1.
8
2
×
1
0
−
2
m
0
,
δ,
m
β
β
4
3
−
4 2
8
2.
43
×
10
−
3
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
8
7
×
1
00
3.
4
1
×
1
0
0
1
.8
0
×
1
0
−
2
1.
8
7
×
1
0
−
2
m
0
,
δ,
m
β
β
4
3
−
4 3
8
2.
75
×
10
−
2
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
2
×
1
00
3.
3
7
×
1
0
0
1
.7
9
×
1
0
−
2
1.
8
5
×
1
0
−
2
m
0
,
δ,
m
β
β
4
3
−
4 4
8
2.
43
×
10
−
3
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
8
7
×
1
00
3.
4
1
×
1
0
0
1
.8
0
×
1
0
−
2
1.
8
7
×
1
0
−
2
m
0
,
δ,
m
β
β
4
3
−
4 5
8
2.
75
×
10
−
2
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
2
×
1
00
3.
3
7
×
1
0
0
1
.7
9
×
1
0
−
2
1.
8
5
×
1
0
−
2
m
0
,
δ,
m
β
β
4
3
−
4 6
8
1.
41
×
10
−
1
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
7
×
1
00
3.
3
1
×
1
0
0
1
.7
6
×
1
0
−
2
1.
8
2
×
1
0
−
2
m
0
,
δ,
m
β
β
5
1
−
3 1
8
<
10
−
4
<
10
−
3
<
1
0−
3
2.
8
3
×
1
00
3.
4
6
×
1
0
0
1
.8
1
×
1
0
−
2
1.
8
9
×
1
0
−
2
m
0
,
δ,
m
β
β
5
1
−
3 2
8
1.
80
×
10
−
1
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
8
×
1
00
3.
3
1
×
1
0
0
1
.7
5
×
1
0
−
2
1.
8
1
×
1
0
−
2
m
0
,
δ,
m
β
β
5
1
−
3 3
8
<
10
−
4
1.
05
×
10
−
3
1.
1
4
×
1
0−
3
2.
5
8
×
1
00
3.
7
1
×
1
0
0
1
.9
5
×
1
0
−
2
2.
0
4
×
1
0
−
2
m
0
,
δ,
m
β
β
5
1
−
3 6
8
5.
64
×
10
−
1
<
10
−
3
<
1
0−
3
3.
0
1
×
1
00
3.
2
7
×
1
0
0
1
.7
0
×
1
0
−
2
1.
7
6
×
1
0
−
2
m
0
,
δ,
m
β
β
5
1
−
3 7
8
<
10
−
4
1.
05
×
10
−
3
1.
1
4
×
1
0−
3
2.
5
8
×
1
00
3.
7
1
×
1
0
0
1
.9
5
×
1
0
−
2
2.
0
4
×
1
0
−
2
m
0
,
δ,
m
β
β
5
1
−
3 8
8
5.
64
×
10
−
1
<
10
−
3
<
1
0−
3
3.
0
1
×
1
00
3.
2
7
×
1
0
0
1
.7
0
×
1
0
−
2
1.
7
6
×
1
0
−
2
m
0
,
δ,
m
β
β
5 1
−
3 1
0
8
1.
80
×
10
−
1
0
.0
0
×
10
0
0.
0
0
×
1
0
0
2.
9
8
×
1
00
3.
3
1
×
1
0
0
1
.7
5
×
1
0
−
2
1.
8
1
×
1
0
−
2
m
0
,
δ,
m
β
β
6
1
−
2 1
8
<
10
−
4
3.
31
×
10
−
2
4.
0
2
×
1
0−
2
8
.6
5
×
1
0
−
1
5.
4
2
×
1
0
0
3
.2
6
×
1
0
−
2
3.
9
9
×
1
0
−
2
si
n
2
θ 2
3
,
m
0
,
m
β
β
6
1
−
2 4
8
<
10
−
4
4.
10
×
10
−
2
4.
7
2
×
1
0−
2
1.
5
5
×
1
00
4.
7
3
×
1
0
0
6
.3
7
×
1
0
−
2
6.
8
0
×
1
0
−
2
m
0
,
m
β
β
6
1
−
2 6
8
<
10
−
4
3.
80
×
10
−
2
4.
3
9
×
1
0−
2
1.
5
7
×
1
00
4.
7
1
×
1
0
0
6
.1
9
×
1
0
−
2
6.
5
8
×
1
0
−
2
m
0
,
m
β
β
T
a
b
le
1
3
.
T
h
e
m
ax
im
al
ly
re
st
ri
ct
iv
e
an
d
co
m
p
a
ti
b
le
cl
a
ss
es
o
f
te
x
tu
re
ze
ro
s
in
(M
`
,M
L
).
T
h
e
n
u
m
b
er
o
f
p
h
y
si
ca
l
p
a
ra
m
et
er
s
o
f
th
e
te
x
tu
re
is
d
en
ot
ed
b
y
n
.
P
ar
t
2:
in
ve
rt
ed
n
eu
tr
in
o
m
as
s
sp
ec
tr
u
m
.
– 5 –
